XAS of MnO x
The MnO x sample was prepared using a similar electrodeposition procedure as that of the MnNiO x sample except that Ni was absent from the deposition solution and only the Mn deposition potential (0.57 V vs. Ag/AgCl) was used, as described in the experimental section. In situ XAS measurements were performed on this MnO x sample.
The XANES spectra for the dry MnO x sample is shown in Fig. S6a along with spectra measured in situ under ORR (0.7 V vs. RHE) and OER conditions (1.9 V vs. RHE), but at a higher potential as compared to MnNiO x (1.8 V vs. RHE) as no change was observed for the spectrum collected at 1.8 V (Fig. S6b) . As the MnO x sample is catalytically active for the OER at 1.8 V with no observable changes in the spectrum compared to that at 0.7 V, this suggests that a birnessite-like phase is responsible for the OER just as it was for the ORR. Increasing the potential to 1.9 V, however, resulted in a shift of the MnO x spectrum to higher energy, indicating an increase in the oxidation state of Mn. This suggests that the presence of Ni in the MnNiO x sample had shifted the redox potential of Mn(III)/Mn(IV) to a lower value than for pure MnO x . Mn K-edge XANES spectrum of the dry MnNiO x is also shown for comparison and the edge appears at lower energies as compared to that of dry MnO x , in agreement with an overall higher oxidation state of Mn in the as prepared, dry MnO x sample. Again, the spectra resemble that of λ-MnO 2 , indicating a Mn oxidation state of +4. We note that the observed oxidation states exhibited by MnO x under either ORR or OER potentials can depend greatly on the synthesis route, as reflected by the slight differences reported here versus those from a previous MnO x study in which a different synthetic route involving a calcination step was employed. 1 Our ongoing work aims to elucidate how and why these differences occur.
The EXAFS spectra of MnO x under ORR and OER conditions along with those of dry MnO x and MnNiO x are shown in Fig. S7a . For MnO x the peaks have higher amplitudes as compared to those of dry MnNiO x , and reasonable amplitudes are observed for peaks between 4-6 Å that originate from the multiple scattering. This indicates a more long range order structure in MnO x as compared to the mixed oxide. This is expected as MnNiO x was deposited layer by layer, alternating between Mn and Ni, which is prone to have some degree of disorder. Whereas EXAFS traces derived from dry MnO x and under OER conditions have considerable amplitude between 5-6 apparent distance, the intensity is reduced under ORR conditions. This suggests that the ORR phase has a higher degree of structural disorder. However, the ORR phase of MnO x has a more ordered lattice than the ORR phase in MnNiO x , as demonstrated by Fig. S7b where the EXAFS intensity for the former is higher. On the other hand, as revealed in Fig. S7c , the OER phase was found to be slightly more ordered in MnNiO x as compared to MnO x . Attempts were also made to study the pure NiO x phase, but XAS signal was dominated by metallic Ni and changes happening at the electrochemically active oxide surface were buried underneath.
Long range order and presence of metallic Ni was also observed in XRD data (Fig. S5b) . 
Fig. S8
Cyclic voltammogram also does not show any distinct oxidation peak in the case of MnO x , as such a feature would likely be hidden underneath the capacitive behavior. The small reduction peak around 1.1 V corresponds to gold reduction.
